ABSTRACT In this paper, we investigate the downlink performance of frequency hopping Ad Hoc communication system with non-orthogonal multiple access (FH-NOMA Ad Hoc), in which the mobile users are divided into multiple groups defined as NOMA clusters. Each NOMA cluster works on a certain frequency resource block with frequency hopping. Each mobile user in a NOMA cluster can act as NOMA transmitter with equal access probability and serve the rest mobile users with differentiated power allocation. With the considered network model, a stochastic geometry framework is provided to analyze the coverage and data rate performance of the FH-NOMA Ad Hoc network. Expressions for the coverage probability and the average data rate of a typical mobile user are derived. Finally, numerical and Monte Carlo simulations are provided to validate the theoretical analysis. The results reveal that the coverage probability of the FH-NOMA Ad Hoc network can be improved by varying the radius of each NOMA cluster, the number of frequency points, the density of NOMA clusters and user power allocation. Importantly, there is a constraint relationship between the density of NOMA clusters and the number of frequency points.
I. INTRODUCTION
Ad Hoc communication system is widely acknowledged as the main network architecture in emergency, military and some other flexible communication scenarios due to its flexibility, scalability and rapid deployment. The existence of interference degrades the network performance seriously. Blocking interference, one of the most serious interference attacks, can cause serious communication interruption and thus provide poor coverage performance and low network throughput of the Ad Hoc network. Frequency Hopping (FH) can effectively resist the external strong blocking interference due to its FH processing gain by constantly changing its radio frequency [1] , [2] to improve communication quality. Under a certain bit error rate (BER), the FH communications system considering spreading spectrum and Reed-Solomon (RS) concatenated coding [3] , [4] can have high reliability even if one third of the available frequency is blocked. [5] provides
The associate editor coordinating the review of this article and approving it for publication was Yuanwei Liu. numerical and simulation results of a FH system's upper bound on bit error rate (BER) under some attack, including partial-band jamming resistance for communication, which has the similar BER performance as conventional FH system. However, the network capacity of the FH communication system is restricted since FH communication cannot transmit information during the period of frequency change, which results in low valid bit rate compared with fixed frequency communication [6] . Thus, the main problem of the FH communication system in emergency communication is how to improve the system capacity.
Non-Orthogonal Multiple-Access (NOMA) [7] , as a novel multiple access multiplexing technique in the fifth generation (5G) mobile networks, can provide high network capacity by multiplexing multiple users in a frequency block resource with differentiated power level at the transmitter and successive interference cancellation (SIC) at the receivers. Leveraging NOMA in the FH Ad Hoc communication networks, multiple mobile users can share the same frequency resource block. Motivated by this, we propose the model VOLUME 7, 2019 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see http://creativecommons.org/licenses/by/4.0/ of FH-NOMA Ad Hoc communication system based on practical emergency communication systems, requiring high system capacity as well as high anti-jamming ability.
A. RELATED WORKS
The advent of the first FH radio station from the late 1970s indicated its development. Research on FH technique has significance in the field of military communications. Until now, FH has been considered from a practical perspective in multiple fields [8] - [11] . In addition, the adjacent frequency interference of frequency-hopping radio networks was investigated by Qiao et al. [12] . Li et al. [13] invoked error probabilities for frequency-Hopping Spread Spectrum Multiple Access (FH-SSMA) Systems in the presence of interference. In addition, El Gamal and Geraniotis [14] proposed comparison between FH/SSMA and DS/CDMA, which argued that synchronous FH/SSMA is implementable and can provide higher capacity than asynchronous DS/CDMA under certain conditions. Both individual optimal frequencyhopping sequences and optimal families of frequencyhopping sequences were presented in Ding et al. [15] , which improved the anti-interference and security of the FH signal. Importantly, synchronization is one of the key techniques in FH communication system, and multiple synchronization schemes for FH was analyzed by [16] - [18] . Furthermore, Sudha et al. [19] proposed the performance improvement of frequency-hopped spread spectrum networks (FHSS) signals by using rate compatible parallel-concatenated block codes using BCH codes. As a further development, FH technique applied to wireless Ad Hoc networks was investigated by Zou et al. [16] to solve the safety problem of Ad Hoc network physical layer. What's more, NOMA has received significant research for its capability to improve spectral efficiency compared with Orthogonal Multiple-Access (OMA). A simple downlink PD-NOMA transmission scheme called Multi-user superposition Transmission (MUST) was used in the Third Generation Partnership Project (3GPP) Long Term Evolution [20] . Benjebbour et al. [21] studied that the downlink system using NOMA can achieve an average throughput gain of 30% higher than the tradition OMA technology. The multi-user power allocation, signaling overhead, SIC error propagation, high-speed scene and other issues of the NOMA system were discussed, which provided a reference for further research on NOMA technology. A. Benjebbour considered the random distribution of users in the single-cell downlink NOMA system, and the closed expression of the outage probability was obtained [22] . The results showed that NOMA could obtain better outage performance compared with OMA system if the user 's power factor and target rate were selected properly. Liu et al. [23] extended the above results to largescale cognitive radio networks. The impact of user scheduling on improving NOMA system throughput and cell edge user throughput was investigated by Do et al. [24] . P. Swami studied the downlink NOMA user outage probability based on the principle of user fairness [25] . Additionally, a user-power allocation optimization problem was proposed by Krikidis and Timotheous by considering the user fairness of a NOMA system [26] . Moreover, Sun et al. [27] considered multipleinput multiple output (MIMO) NOMA systems with two users, providing optimal and low complexity power allocation algorithms within the limitations of total power and weak user's rate to maximize the sum capacity. For maximizing the average received power for mobile users, a NOMA and massive MIMO based user association scheme is developed by Liu et al. [28] .
B. MOTIVATION
The aforementioned literatures are significant study of FH and NOMA technologies. While the performance of FH Adhoc communication system with NOMA is less well understood, taking into account the anti-interference ability and large-capacity requirements of the emergency communication system. We consider the co-channel interference introduced by NOMA and the self-interference introduced by FH. To investigate the coverage probability and average data rate performance of the considered network, an analytical framework of coverage probability and average data rate is provided with stochastic geometry [29] - [31] . We define the set containing all the mobile users that multiplex the same frequency resource block as a NOMA cluster. Specifically, multiple NOMA clusters are randomly distributed in the 2D plane. For each NOMA cluster, a mobile user acts as the transmitter and the rest mobile users are the receivers. The radio frequencies selection of NOMA clusters are determined by FH pattern. Mathematically, homogeneous Poisson Point Process is applied to model the deployment of FH-NOMA transmitters. The rest mobile users (receivers) of a FH-NOMA cluster are located uniformly at random in a disc around transmitter. Different FH hopping patterns are applied in the NOMA clusters, which introduce inter-cluster interference due to frequency collisions. The sum of interference power at each receiver should not exceed a peak threshold. Based on the formulated mathematical model, the coverage probability and average data rate can be exploited, since the location of receivers served by the same transmitter and FH-NOMA clusters in the network is not known in advance. In the recent research, there is no relevant framework for exploring FH Adhoc communication system with NOMA.
C. CONTRIBUTIONS AND ORGANIZATION
In this paper, we propose a framework of FH Adhoc communication system with NOMA to improve anti-jamming ability and system capacity. We apply homogeneous poisson point processes (PPPs) to model the location of FH-NOMA transmitters. The rest FH-NOMA mobile users (receivers) served by the same transmitter are located around the parent mobile user (transmitter) randomly, uniformly and independently. In addition, we consider the distance order of the receivers in a typical FH-NOMA cluster. In this model, we analyze the intra-interference introduced by NOMA and inter-interference introduced by FH. We derive expressions for coverage probability of a typical receiver and average data rate of mobile users within a typical cluster.
Finally, numerical and simulation results are provided to validate the theoretical analysis and to demonstrate the impact of the key system parameters including the radius of each FH-NOMA cluster, the number of available frequency points, the density of deployment of NOMA clusters and user power allocation. The results reveal that the coverage probability can be improved by reducing the area of each NOMA cluster, increasing the number of frequency points and deploying NOMA clusters more densely. However, the number of the frequency points directly determine the number of links which limits the cluster density. For a given number of frequency points, the system capacity suddenly decreases when the cluster density reach its upper bound.
The rest of this paper is organized as follows. In Section II,the frequency hopping NOMA Ad Hoc network scenario is proposed, including system model, frequency reuse and propagation model. In Section III, the coverage probability and average data rate of the considered network are analyzed and derived, which relies on the typical receiver in the typical cluster. The numerical results are presented in Section IV which is followed by the conclusion in Section V.
II. SYSTEM MODEL
In this section, the network layout, channel reuse and wireless propagation model are introduced.
A. NETWORK LAYOUT
As illustrated in Fig.1 , a FH-NOMA Ad Hoc communication system is considered, where the FH-NOMA clusters are deployed in the 2D plane according to Poisson cluster process (PCP) with their centers are distributed as homogeneous PPP with the density λ. In each NOMA cluster, N users are included and each FH-NOMA user have equal probability to be a transmitter and rest become receivers. The transmitter is considered to be located at the center of the cluster and the rest N-1 receivers are uniformly distributed within a disc with radius D. The NOMA transmission protocol is invoked within each cluster, assuming that all users work in the slotted Aloha random access mode and only one user transmit signal in a time slot within a cluster. The probability density function (PDF) of the distance R between transmitter and receivers within the same FH-NOMA cluster is given by
In a typical FH-NOMA cluster, a typical transmitter TX 0 is located at the origin of the coordinate o. A typical receiver RX 0 is selected among the N-1 receivers, and rest transmitter is denoted by TX . X 0 is the distance between TX 0 and the typical receiver RX 0 , X = {X 1 , X 2 , · · · , X n , · · · , X N −2 } is the set of random ordering distances between TX 0 and rest receivers within the same clusters and |Y | is the distances between TX and typical receiver RX 0 .
Suppose that the transmitter transmits signal to all users within the same cluster under the constraint of total power P t . It is assumed that the transmitter knows the quality-order of receivers' channel conditions. In many actual environment, the FH-NOMA mobile users are clustered according to business logic without obvious boundary in the physical location. Specifically, all FH-NOMA clusters overlap in the area. Moreover, assuming that all mobile users are equipped with a single antenna, different FH-NOMA transmitters can simultaneously transmit signal sharing the same frequency points set while adopting different independent FH patterns.
B. FREQUENCY REUSE
The law of carrier frequency change in frequency hopping communication is called a frequency hopping pattern. It needs to be changed completely randomly to be irregular, which can strengthen the performance of anti-interference. The FH communication often adopts a hopping pattern with a pseudo-random law [32] . Only the two sides of the communication know the FH pattern while the rival can hardly guess the law of FH.
As shown in the Fig. 2 , a FH pattern, in which the horizontal axis is time and the vertical axis is frequency. The time is divided into multiple time slots in units of frequency hopping duration, and the total FH bandwidth is divided into several frequency intervals (or frequency blocks). Each grid represents a time frequency block (TFB). At each time slot, the transmitter adopts frequency channel to transmit the signal controlled by a pseudo-random FH sequence.
In a FH communication system, the FH bandwidth and the number of available frequencies are both preset. For example, the total FH bandwidth is 10 MHz, the number of FH frequency sets is 64 and the channel spacing is 25 kHz. In the 10 MHz bandwidth, the number of available channels is much larger than 64. Considering multiple interference factors such as electromagnetic environmental conditions and hostile interference, one or several frequency tables with 64 frequencies can be formulated. In this paper, the FH asynchronous networking mode is adopted since synchronization has extremely high requirements on timing. The frequency table and the FH pattern are not constrained. This approach does not require all networks to have the same network time reference (NTR). While when the same frequency table is used to form multiple asynchronous networks which are working simultaneously, frequency collisions occur between the asynchronous networks. As long as the FH pattern is well designed, the number of frequency collisions can be controlled within the allowable limits and the overall network system can operate normally. However, the optimal design of the FH sequence is not within the scope of this paper. The FH-NOMA Ad Hoc communication system adopts the random frequency hopping (RFH), which means that the FH-NOMA users randomly select the frequency for FH at each time slot.
Assuming that the number of available frequencies for FH is f , and the hopping codes c can be randomly and independently selected from these f frequencies. Hence the probability that the frequency is selected is Pr(c = f i ) = 1 f . Then the probability of a frequency collision between FH-NOMA clusters is
where the number of available frequencies for FH is f and the number of active FH-NOMA clusters working simultaneously in the FH network is M = λπ R 2 c , and the other M − 1 clusters are interference sources.
C. WIRELESS CHANNEL MODEL
Signal propagation model is considered to be a composite of path loss and quasi-static Rayleigh fading, where the channel coefficients are constant for each transmission block but independent between different transmission block. In other words, the channel coefficients |h| 2 is an independent random variable. In the NOMA transmission protocol, it utilizes the difference between different user channel gains, and multiple users are multiplexed in the power domain and orthogonally scheduled at the transmitter, afterwards, they are transmitted on the same TFB. The different power allocation coefficients are assigned to FH-NOMA receivers, and the power allocation coefficients a 2 n (0 ≤ n ≤ N − 1) satisfy the conditions
Both the small scale fading and the path loss are incorporated into the ordered channel gain.
As a consequence, the superposed information sent by a typical FH-NOMA transmitter TX 0 to rest users within the same NOMA cluster is given by
where p n is the power allocated to receivers. The receiver RX n with good channel quality is assumed to be capable of cancelling the interference of the user RX m with poor channel quality using SIC techniques (n < m ≤ N − 1). The NOMA downlink communication allocates a higher transmission power for users with poor channel quality and lower transmission power for users with good channel quality, so that in a given NOMA cluster, the main interference received by the user comes from users with worse channel quality. Hence the combination of signal at typical receiver which is the n-th closest receiver RX n within the typical cluster is expressed as
Interference and noise signal ,
where P t is the signal power from transmitter TX 0 and w (n) is the additive white Gaussian noise (AWGN) at n-th user with mean 0 and variance σ 2 . In addition, h T 0 ,R 0 is defined as the small-scales rayleigh fading coefficient associated with
is the path loss between the typical transmitter and the according the typical receiver RX 0 , and α is the path loss exponent. Importantly, X (n) is the distance between typical transmitter and the according typical receiver which is n-th closest receiver. The new incremental ordering distance set
an incremental ordering set after sorting the set a 2 n (0 ≤ n ≤ N − 2), and (a (n) ) 2 represents the power allocation coefficient of n-th closest receiver.
III. ANALYSIS OF COVERAGE PROBABILITY AND THE AVERAGE TRANSMISSION DATA RATE
In this section, we focus our attention on analyzing the coverage probability and average data rate of a typical user within a typical clusters based on distance ordering.
A. COVERAGE PROBABILITY
The coverage probability is defined as the probability that a typical receiver received signal-to-interference-plus-noise ratio (SINR) is above pre-determined threshold β, i.e.
P(β)
At a typical FH-NOMA receiver RX 0 , the received SINR for the according TX 0 can be expressed as
where S, I in and I out refer to the power of the desired signal, the aggregated signal strength of intra-interference caused by users within the same cluster and inter-cluster interference caused by transmitters in the other clusters using the same frequency point respectively. And σ 2 is additive white Gaussian noise (AWGN) power. I in and I out are independent since they are from different sources. Applying the total probability formula, the coverage probability can be re-expressed as
where Q n is the probability of the typical receiver being the n-th closest receiver and
is the conditioning coverage probability where γ (n) is denoted as the received SINR for the receiver which is the n-th closest receiver. The probability of the typical receiver being the n-th closest receiver Q n can be obtained by the following lemma.
Lemma 1: The probability of the typical receiver being the n-th closest receiver can be expressed as
Proof: See Appendix A. Q n is the probability of the typical receiver being the n-th closest receiver associated with the number of active users within each NOMA cluster and the ordering result based on distance between typical receiver and typical transmitter.
In order to get more insight analytical expression of SINR, we will find γ (n) , including S (n) , I (n),in and I out subsequently.
1) DESIRED SIGNAL
At typical receiver RX 0 which is the n-th closest receiver, the desired signal from according transmitter TX 0 can be expressed as
where P t refers to the transmit power of the TX 0 , h T 0 ,R 0 ∼ CN (0, 1) is the small-scale fading coefficient, X (n) is the distance between typical transmitter and the typical receiver and (a (n) ) 2 is the power allocation coefficient of typical receiver which is n-th closest receiver.
2) INTRA-CLUSTER INTERFERENCE
At typical receiver RX 0 , the number of active NOMA receivers is N − 1, while the intra-cluster interference is from other users with worse channel gain within the same FH-NOMA cluster.
where P t refers to the signal power of the TX 0 , h T 0 ,R 0 ∼ CN (0, 1) is the small-scale fading coefficient, and X (n) is the distance between typical transmitter and the typical receiver. (a (i) ) 2 (1 ≤ i ≤ n − 1) is the power allocation coefficient of i-th closest receiver which has worse channel gain compared to typical receiver.
3) INTER-CLUSTER INTERFERENCE
The interference is from transmitters which reuse the same TFB in other FH-NOMA clusters.
where P t is the transmit power from other transmitter users TX k which reuse the same frequency point in other clusters, g k ∼ CN (0, 1) is the small-scale fading coefficient, and
) refers to the distance between the transmitters TX k and the typical receiver RX 0 . φ k is the probability of successful frequency collision with typical cluster. In (12), φ k = 1 f , where f is the number of available frequency points. The average number of FH-NOMA clusters working simultaneously in the system is M , and the other M − 1 clusters are possible interference sources.
By applying (10), (11) and (12) into (8), we rewrite in detailed expression as follows:
where n = (a (n) ) 2 − β n−1 i=1 (a (i) ) 2 for 1 ≤ n ≤ N , β n = 2 η n − 1, η n is the target data rate for the n-th closest user, ε n = β n , and
(a (i) ) 2 > 0 should be satisfied due to applying NOMA protocol, otherwise the coverage probability will always be 0 [33] . Hence,
where f (I out , X (n) ) = β(I out +σ 2 )
, E |X (n) | is relied on the pdf of ordered distance |X |. To obtain more insightful expressions, we express Laplace transforms of inter-cluster interference I out at first, which is shown in the following lemma.
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Lemma 2: The Laplace transform of inter-cluster interference for a typical receiver can be expressed as
where s = W n P t , W n = ε n X (n) α , β is the pre-determined SINR threshold.
Proof: See Appendix B. We turn our attention to the PDF of ordered distance X (n) , which is given in the following lemma.
Lemma 3: Assuming that receivers N − 1 are randomly and uniformly positioned in the disc D served by the same transmitter shown in Fig. 1 , the PDF of X (n) as follows:
We rewrite (14) to obtain more insightful expressions as
where ρ = P t σ 2 , which is the transmit signal to noise ratio (SNR), assuming σ 2 1 = σ 2 2 = · · · = σ 2 N −1 = σ 2 and the PDF of f |X (n) | (x) is given by Lemma 3.
Based on the results of (9), (15), (17) and Lemma 3, after some further mathematical manipulations, we can express the coverage probability of a typical receiver according to the following theorem:
Theorem 1: Assuming that the NOMA clusters position obeys the homogeneous passion point processes (PPPs), which is denoted by associated with the density λ, N − 1 users are uniformly and randomly distributed within the disc, the coverage probability of a typical receiver in the typical cluster is given by
From the results of Theorem 1, the coverage probability is a monotonically decreasing function of the density of FH-NOMA clusters λ, the FH-NOMA cluster radius D, while a monotonically increasing function of the SNR ρ and the number of available frequency points f . Hence, increasing average number of active FH-NOMA clusters and the number of frequency points, and densely deploying the NOMA receivers around each transmitter can degrade the performance of coverage probability. Moreover, increasing the transmit power at each transmitter can enhance the performance of coverage probability in the case of a certain AWGN power. Some results are consistent with our qualitative analysis that the more active FH-NOMA clusters and the less available frequency points will introduce more interinterference.
B. AVERAGE DATA RATE
Based on the analytical results for the coverage probability in (18) , the average data rate is defined as
where Q n is the probability of the typical receiver being the n-th closest receiver obtained in (9) . R (n) = Pr(γ (n) ≥ β) × log 2 (1 + β) is the average data rate given the typical receiver as the n-th closest receiver.
In addition to analyzing the coverage probability, we will analyze the average data rate referred to (19) . It can be given by
From (20), the average data rate of FH-NOMA users has relationship with a given threshold β, which is positively correlated with the target rate. It shows that the average data rate performance of each user can be enhanced through adjusting the FH-NOMA cluster radius D, the density of clusters and the number of available frequency points f . What's more, the user power allocation strategy and threshold selection can be reserved for further consideration.
IV. NUMERICAL RESULTS AND DISCUSSION
In this section, we numerically evaluate the coverage probability and further analyze the impact of the key system parameters. Simulation results are also presented with Monte Carlo methods in a circle region with radius R c = 2.5 km. The bandwidth is BW = 10 MHZ as one of most common setting-ups for Ad Hoc network. The thermal noise in dBm level is calculated as σ 2 = −174 + 10 log 10 (BW ). The table 1 provides the default system parameters. In addition, the default power allocation coefficient ratio between users is 0.4. Fig. 3 plots the coverage probability decreases with larger NOMA cluster radius D, which is consistent with our analytical result. In addition, the coverage probability decreases more slowly with the rise of path loss exponent. Since the main interference change is from intra-cluster interference in this case. For a specific SINR threshold β and a typical NOMA system, longer distances means larger path loss while larger path loss exponent brings faster drop of inter-interference, hence the coverage probability decreases more slowly.
The impact of the number of available frequency points is presented in Fig. 4 , it shows that the simulations match well with the analytical results, which verifies the accuracy of the theoretical analysis. It can be seen that the coverage probability increases with the number of frequency points. However, with the fixed number of active FH-NOMA clusters working simultaneously, when the number of frequency points is large enough, the coverage probability is almost fullloaded. In addition, the coverage probability increases with the rise of path loss exponent. This is because the number of frequency points mainly affects the probability of intercluster interference occurrence. Fig. 5 shows the relationship between the coverage probability and the density of FH-NOMA clusters. It can be seen that the coverage probability decreases with the average number of active FH-NOMA cluster. Moreover, the fluctuation of coverage probability with density change of FH-NOMA clusters is relatively smaller, with the rise of the path loss exponent. As the density of FH-NOMA clusters increases, the inter-cluster interference becomes more serious when the average number of FH-NOMA clusters reaches upper bound of supported links. In addition, the larger path loss exponent causes smaller impact of inter-cluster interference.
To further study the impact of the density of FH-NOMA cluster and the number of frequency points, Fig. 6 shows the optimal M = λπR 2 c w.r.t the number of frequency points. It can be seen that with different number of frequency points, the system capacity exhibits a bell curve relationship w.r.t the density of FH-NOMA clusters and the optimal density of FH-NOMA clusters always exists such that the system capacity can be maximized. Meanwhile, the capacity first increases and then deteriorates with the increasing of the density of FH-NOMA clusters. Fig. 6 validates the theoretical analysis that there is a tradeoff between the number of frequency points and the density of FH-NOMA clusters for the system capacity. For a fixed number of frequency points, the optimal density of FH-NOMA cluster is close to the maximum number of supported links. Since the number of available frequency points can limit the upper bound of supported links. When the density of NOMA cluster increases, the frequency collision is relatively small while when the number of NOMA clusters reach the maximum supported links, the system capacity suddenly decreases. Fig. 7 plots the coverage probability of the FH-NOMA cluster radius with different user power allocation coefficient. The figure shows precise agreement between the simulation and analytical curves. The power is allocated by equal ratios between users based on channel ordering and satisfy the previous assumption that |a 1 
The red curve use ratio 0.3 and the number of each NOMA cluster is 5, i.e., a One can observe that the coverage probability has relationship with different user power allocation coefficient methods. When the power between users is relatively close, the lower coverage probability is achieved, which is due to NOMA protocol. Moreover, an optimal user power allocation method can be studied in future work.
V. CONCLUSION
In this paper, the downlink transmission performance of frequency hopping Ad Hoc communication system with NOMA protocol was analyzed. Importantly, we used stochastic geometry and order statistics for modeling the locations of NOMA clusters and the users within each NOMA cluster, based on the practical scenario of the emergency communication system combined with squad combat. Additionally, new analytical coverage probability and average data rate were derived for characterizing the system's performance in above scenarios. It was analytically demonstrated that the coverage probability was determined by the radius of FH-NOMA cluster, the number of frequency points and the density of FH-NOMA clusters. Monte Carlo simulation results were used to verify the analysis. It was concluded that the coverage probability can be improved by reducing the radius of each NOMA clusters and appropriately increasing in the number of frequency. Since the number of the frequency points directly determine the number of supported links which limits the cluster density. For a given number of frequency points, the cluster density cannot be increased without limitation. When the number of clusters working simultaneously within a limited space is close to the number of supported links, coverage probability will suddenly drop below 50%. From the perspective of expressions, the power allocation between users will also have an impact. In the following work, it can be analyzed to bring the best performance. Our results can provide guidelines for our real deployment of the emergency communication system.
APPENDIX A PROOF OF LEMMA 1
The probability of the typical receiver being the n-th closest receiver can be expressed as Q n = Pr(RX 0 is the n th closest user)
where (b) is applied with the probability distribution function (PDF) given by (1) . Since the random variables are independent and identically distributed for each receiver, we can rewrite the expression as (a). The distance X 0 represents the distance between typical receiver and typical transmitter and incremental ordering distance sets except for the distance between typical receiver and typical transmitter X are given above. X n ∈ X represents the distance between n-th closest receiver and transmitter. The re-ordered set X based on the order statistics is obtained. Hence, we can obtain the probability of the typical receiver being the n-th closest receiver as (9), the proof is completed.
APPENDIX B PROOF OF LEMMA 2
The Laplace transform of inter-cluster interference for a typical receiver can be expressed as
where (a) is δ = With the expectation over h, we can obtain
δ . So with fading the interference has a stable distribution with exponent δ (δ = We obtain the Laplace transform of inter-cluster interference L I out (s) as (15) , the proof is completed. Fig. 1 , N is the number of users in a single cluster and n represents the receiver with the n-th closest to the TX 0 . We denote f n:N −1 (x) as f |X (n) | (x), which is PDF of the n-th closest distance X (n) between transmitter and receiver. The proof is completed.
APPENDIX D PROOF OF THEOREM 1
By invoking Lemma 3 and (17), we obtain Pr(γ (n) ≥ β) = The proof is completed.
